wo 20187237272 A1 I 0K 000 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 December 2018 (27.12.2018)

(10) International Publication Number

WO 2018/237272 Al

WIPO I PCT

(51) International Patent Classification:

G11C 7/10 (2006.01) G11C 7/22 (2006.01)
(21) International Application Number:
PCT/US2018/039008
(22) International Filing Date:
22 June 2018 (22.06.2018)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
15/630,901 22 June 2017 (22.06.2017) Us

(71) Applicant: MICRON TECHNOLOGY, INC. [US/US];
8000 South Federal Way, Boise, Idaho 83716-9632 (US).

(72) Inventors: WIEDUWILT, Christopher G.; 1011 S. La
Pointe St., Apt. 404, Boise, Idaho 83706 (US). JOHNSON,
Jason; 2866 Bo Daniel Ln., Nampa, Idaho 83687 (US).

(74) Agent: FAUTH, Justen, D. et al.; Dorsey & Whitney LLP,
IP Docket - SE, 701 5th Avenue, Suite 6100, Seattle, Wash-
ington 98104 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(54) Title: TIMING BASED ARBITRATION METHODS AND APPARATUSES FOR CALIBRATING IMPEDANCES OF A

SEMICONDUCTOR DEVICE
100 N
105~
A - 110 135~
ChipA —
I0A ~_
~ 11
s 140~
&
Chip B ; 155
0820 %
Controtier 145~ G
Chip C
0.6~ 125
150,
ChipD —
0D~z
FiG. 1

(57) Abstract: Systems and apparatuses are provided for an arbiter circuit for timing based ZQ calibration. An example system includes
a resistor and a plurality of chips. Each of the plurality of chips further includes a terminal coupled to the resistor and a calibration
circuit. The calibration circuit determines whether the resistor is available based, at least in part, on timing information that is unique
to a corresponding chip of the plurality of chip. The timing information of each chip of the plurality of chips has a fixed duration of

time common to the plurality of chips.

[Continued on next page]



WO 2018/237272 A1 | NI /0000 0 000

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))
—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2018/237272 PCT/US2018/039008

TIMING BASED ARBITRATION METHODS AND APPARATUSES FOR
CALIBRATING IMPEDANCES OF A SEMICONDUCTOR DEVICE

BACKGROUND

{601] High data relability, high speed of memory access, and reduced chip size are
features that are demanded from semiconductor memory. In recent years, there has
been an effort to further increase the speed of memory access.

1002} In conventional peripheral circuitries for a semiconductor memory device, for
example, pads and data input/output circuits are arranged in a corresponding manner
across layers. For example, a semiconductor memory device may include a data
nput/output circuit. To achicve high speed transmission, the impedance of the data
mput/output civcuit should be controlled.  To control the impedance, an external
reststance, such as ZQ) resistor may be coupled. The semiconductor memory device
mcluding a plurality of chips are generally provided with one extemal ZQ resistor.
When two or more chips request to use the ZQ resistor at the same time, an arbiter
circuit 1s typically used to determine which chip should access the ZQ resistor.
Accordingly, one chip can access the Z4 resistor, and a subsequent chip may access the
724} resistor after 2 calibration for the one chip has been completed.

{0603] For example, arbiter circuits may rely on a voltage based arbitration scheme to
determime which chip, a master chip or slave chip, has issued a ZQ calibration request.
In the voltage based arbiiration scheme, a 2 calibration request issued by the master
chip may bave a strong pulldown, while a ZQ calibration request 1ssued by the slave
chip may have a weak pulldown. Thus, various states of use of the ZQ resistor may be
determined, via a Z( pad voltage. However, chip packages with maltiple-chips and/or
of a low-power consumption type may nct be able to effectively differentiate between
multipie states via the Z(} pad voltage by the voltage based arbitration scheme.

{0604] For example, some recent semiconductor devices {(e.g., low-power double data
rate synchroncus DRAM), such as Low Power Double Data Rate 4 (LPDDR4),
adopted a time based arbitration scheme. Under the time based arbitration scheme,
cach chip sharing a Z(Q resistor is programmed with a unigue time delay to create a
master-slave hierarchy. This time based arbitration scheme cnables any number of

chips in the semiconductor memory device per package to use the Z(Q resistor, although
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the required time ncreases cxponentially according to the number of chips. For
example, the semicondactor memory device including 16 chips sharing a single ZQ}
resistor may need 16 different delay variations for the 16 chups.

{005] Thus, an arbitration circuit implementing an arbitration scheme 1s needed fora
semiconductor memory device having a larger number of chips to complete the 20

calibration without extending time for Z calibration request arbitration.

SUMMARY

{000} An example svstem according to an embodiment of the disclosure may nclude
a resistor; and a plurality of chips. Fach chip of the plarality of chips may mclude a
terminal coupled to the resistor; and a calibration circwit configured fo determine
whether the resistor is available based, at least in part, on timing information that is
unigque to a corresponding chip of the plurality of chips. The timing information of each
chip of the plurality of chips may have a fixed duration of time common {o the plurality
of chips.

{607} An example apparatus according o an embodiment of the disclosure may
mclude a resistor coupled between a power supply voltage and a terminal; and a chip.
The chip may include a ierminal coupled to the resistor; and a calibration circuit
configured to determine whether the resistor is available based, at least in part, on
timing information. The timing mformation of the chip may mclude a binary code
unigue to the corresponding chip,

{008] An example method according to an embodiment of the disclosure may inchide
detecting a voltage at a terminal m a chip among a plurality of chips. The termunal may
be coupled to a resistor. Each chip of the plorality of chips may be coupled to the
resistor. The method according to the embodiment may further include enabling a
driver circuit included in the chip for a duration of time based on timing information.
The timing information may be unigue to the chip among other chips of the plurality of
chips and having a fixed duration common fo the plurality of chips. The method
according to the embodiment may further include pulling the voltage up or down for
the duration of time based on the timing information; and determining whether the

resistor is available, based on the voltage after pulling up the voltage.
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{005} Another example method according to an cmbodiment of the disclosure may
mclude detecting a voltage at a terminal m a chip among a plurality of chips. The
terminal may be coupled to a resistor. Each chip of the plurality of chips may be
coupled to the resistor The method according to the embodiment may further include
enabling and disabling a dover circuit included m the chip for a duration of time based
on timing information. The tining information may be unigue to the chip among other
chips of the plurality of chips. The method according to the embodiment may farther
mclude pulling up and pulling down the voltage for the duration of time responsive to
the enabling and disabling the dniver circuit, respectively; and determming whether the
resistor 13 available, based on the voltage after pulling up the voltage. The timing
mformation may include a binarv code signaling enabling and disabling in the timing

mformation unique to the chip among other chips of the plurality of chips.

BRIEF DESCRIPTION OF THE DRAWINGS

{010 FIG. 1 18 a schematic block diagram of a semuconductor memory device
including a plurality of chips, in accordance with an embodiment of the present
disclosure.

{011} FIG. 2 is a schematic block diagram of a chip of the semiconductor memory
device, in accordance with an embodiment of the present disclosure.

{012} FIG. 3 15 a circuit diagram of a ZQ calibration circuif m accordance with an
embodiment of the present disclosure.

1013} FIG. 4A s a flow diagram of a Z{ calibration arbitration in accordance with an
embodiment of the present disclosure,

{0614} FI(GG. 4B is a timing diagram of an arbitration clock and a Z(} pad voltage m the
2} calibration arbitration in accordance with an embodiment of the present disclosure.

{015} FIG. 5 is a schematic diagram of an arbiter circuit in the ZQ calibration circuit
i accordance with an embodiment of the present disclosure.

{016} FIG. 6A 15 a timing diagram of a phuality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.

{017] FIG. 6B 1s 2 tunmg diagram of a plurality of arbitration signal patterns for a

plurality of chips m accordance with an embodiment of the present disclosure.
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{018} FI1G. 6C 15 a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.

{019} FIG. 7A 15 a uming diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.

{020} FiG. 7B 1s a timmng diagram of a plurality of arbitration signal patterns for a
plurality of chips 1n accordance with an embodiment of the present disclosure.

1021} FIG. 7C 15 a timing diagram of a plarality of arbitration signal patterns for a
plurality of chips 1 accordance with an embodiment of the present disclosure.

022} FIG. 7D is a timing diagram of a plurahity of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.

{023] FiG. 7E is a timing diagram of a plurality of arbitration signal patierns for a
plurality of chips n accordance with an embodiment of the present disclosure.

{024} FIG. 8A is a timing diagram of a plarality of arbitration signal patterns for

a8y
jas)

plurality of chips in accordance with an embodiment of the present disclosure.

{025} FI1G. 8B 15 a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.

{026} FIG. 9A 15 a timing diagram of a phuality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.

{027} FIG. 9B 13 a timmg diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.

{028} FIG. 10A is a timing diagram of a plurality of arbitration signal patierns for a

n

plurality of chips in accordance with an embodiment of the present disclosure.
{029} FIG. 10B 1s a timing diagram of a plurality of arbitration signal patterns for a

plurality of chips in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

{034 Yartous embodiments of the present disclosure will be explained below in detail
with reference to the accompanying drawings. The following detailed description refers
to the accompanying drawings that show, by way of ilustration, specific aspects and
embodinents m which the present mvention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the present

mvention. Other embodiments may be utilized, and structural, logical and electrical



WO 2018/237272 PCT/US2018/039008

changes may be made without departing from the scope of the present mvention. The
various embodiments disclosed herein are not necessary mutually exclusive, as some
disclosed embodiments can be combined with one or more other disclosed
embodinents to form new embodiments.

{031} FIG. 1 1s a schematic block diagram of a semiconductor memory device 100
inchuding a plerality of chips 135, 140, 145 and 150, i accordance with an
embodiment of the present disclosure. The semiconductor memory device 100 may
melude a controller 105, a command/address bus 119, respective /0 buses 10 A 115,
IO B 120, 1G_C 125, and 10 _D 130, chip A 135, chip B 140, chip C 145, chip D 150,
and a Z{} resistor 155. For example, the semiconductor memory device 100 may be
packaged in a multi-chip package (MCP) or 2 package on packages (POP). In the
following embodiments, the terms chip and die may be used mierchangeably. In some
embodiments, the controller 105 may be a memory controller. The controller 105 may
be implemented as part of the same chip, a separate chip, or integrated into another
chip, such as a microprocessor. The controller 1035 may be coupled to cach of the chips
135, 140, 145, and 130, via a command/address bus 110, The controlier 105 may
further be coupled to each of the chips 135, 140, 145, and 130, respectively, via
respective V0 buses 115, 120, 125 and 130, Each of the chips 135, 140, 145 and 150
may then have their calibration terminals coupled to the ZQ resistor 1535, Accordingly,
the ZQ resistor 135 may be shared among the chips 135, 140, 145 and 150. For
example, each of the chips 135, 140, 145 and 150 may individually be a3 memory
device, including, without himitation, NAND flash memory, dvnamic random access
memory (DRAM) and synchronous DRAM (SDRAM). Alternatively, each of the chip
may be a semiconductor device, such as a controller (e.g., the controller 105},

032} In these embodiments, because the 2 resistor 155 is shared among the chips
135, 140, 145 and 150 and the command/address bus 110 coupled to the controller 103
may also be shared among the chips 135, 140, 145 and 150, each of the chips 135, 140,
145 and 150 may be configured fo rececive commands concurrently, mcluding ZQ
calibration commands. As previcusly discussed, ZQ calibration operations may not
typicaily be performed simultaneously among the chips 135, 140, 143 and 150, so
arbitration is required to determineg the order in which the chips 135, 140, 145 and 150,

requesting Z{} calibration, mav perform a Z{ calibration operation. Accordingly.
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arbiter circuits may be provided to control 2 calibration operations. Although in FIG.
1 the command/address bus 110 is shared, this should not be taken as a himiting
example. Thus, in other embodiments, the command/address bus 110 may include
respective lines to the chips 135, 140, 145 and 150 from the controller 103,

{833] FIG. 2 1s a schematic block diagram of a chip 233 of the semiconducior
memory device 200, in accordance with an embodiment of the present disclosure. For
example, the semiconductor memory device 200 may include a Z(} resistor (RZQ) 255
and a plurality of chips, including the chip 235, For example, the semiconductor
memory device 200 including the chip 235 and the 7 resistor (RZ(Q) 255 may be used
as the semiconductor memory device 100 mncluding the chip 135 the 24 resistor 155
previously described regarding FIG. 1.

{034] For example, the chip 235 may include a clock input circuit 205, an mternal
clock generator 207, a timing generator 209, an address command input cirenit 215, an
address decoder 220, a command decoder 225, a plarality of row decoders 230, a
memory cell array 245 including sense amplifiers 250 and transfer gates 295, a
plurality of columm decoders 240, a plurality of mad/wnite amplifiers 265, an
mput/output (I/0O} circuit 270, the 20 resistor (RZQ) 255, a Z€3 calibration circuit 275,
and a voltage generator 290, The semiconducior memory device 200 mayv include a
plurality of external terminals including address and command terminals coupled to
command/address bus 210, clock terminals CK and /CK, data terminals DQ, DQS, and
DM, power supply terminals VDD, VSS, VDBDQ, and V85Q, and a calibration terminal
ZQ. The chip 235 may be mounted on a substrate 260, for example, a memory module
substrate, a mother board or the like.

{035} The memory cell array 245 ncludes a plurality of banks, each bank including a
plurality of word lines WL, a plurality of bit hines BL., and a plurality of memory celis
MC arranged at mtcrsections of the plurality of word lines Wi and the plurality of bit
fimes BL. The selection of the word line WL for each bank is performed by a
corresponding row decoder 230 and the sclection of the bit line BL is performed by a
corresponding columm decoder 240, The plurality of sense amplifiers 250 are located
for their corresponding bit lincs BL and coupled to at least one respective local VO line
further coupled to a respective onc of at least two main VO line pairs, via transfer gates

TG 295, which function as switches.
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{036} The address/command input circuit 215 may receive an address signal and a
bank address signal from outside at the command/address terminals via the
command/address bus 210 and transmit the address signal and the bank address signal
to the address decoder 220. The address decoder 220 may decode the address signal
recetved from the address/command mput circuit 215 and provide a row address signal
XADD to the row decoder 230, and a cohumn address signal YADD to the column
decoder 240, The address decoder 220 may also receive the bank address signal and
provide the bank address signal BADD to the row decoder 230 and the column decoder
240,

{037} The address/command input circuit 215 may receive a command signal from
outside, such as, for example, a memory controlier 105 at the command/address
termunals via the command/address bus 210 and provide the command signal to the
command decoder 225, The command decoder 225 may decode the command signal
and provide generate various mnternal command signals. For example, the mternal
command signals may include a row commmand signal to select a word hine, a column
command signal, such as a read command or a write command, to select a bit ine, and
a Z{} calibration command that may activate the Z{) calibration circuit 275,

{038} Accordingly, when a read command is issued and a row address and a column
address are tmely supplied with the read command, read data is read from a memory
cell m the memory cell array 245 designated by the row address and the column
address. The read/wnte amphlifiers 265 may receive the read data DO and provide the
read data DO to the 10 circuit 270, The 10 circurt 270 may provide the read data BQ
1o outside via the data terminals DQ, DOS and DM together with a data strobe signal at
DBQS and a data mask signal at DM, Simidardy, when the write command is 1ssued and
a row address and a column address are timely supplied with the write command, and
then the mput/output circuit 270 may receive write data at the data terminals DG, DOS,
DM, together with a data strobe signal at DQS and a data mask signal at DM and
provide the write data via the read/write amplifiers 265 to the memory cell array 245,
Thus, the write data may be writien in the memory cell designated by the row address
and the column address.

{039} Turning to the explanation of the extermal terminals mecluded i the

semiconductor device 200, the clock terminals CK and /CK may receive an external
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clock signal and a complementary external clock signal, respectively. The cxternal
clock signals (ncluding complementary external clock signaly may be supplied to a
clock aput circuit 205, The clock input circwit 205 may receive the external clock
signals and generate an internal clock signal ICLK. The clock input circuit 205 may
provide the miternal clock signal ICLE to an internal clock generator 207, The internal
clock generator 207 may generate a phase controlled internal clock signal LCLK based
on the received internal clock signal ICLK and a clock enable signal CKE from the
address/command foput circnit 215, Although not lunted thereto, a DLL circuit may
be used as the internal clock generator 207 The mitemal clock generator 207 may
provide the phase controlled intermal clock signal LCLK to the 10 circuit 270 and a
timing generator 209, The 10 circuit 270 may use the phase controlier intemal clock
signal LCLK as a timing signal for determining an output timing of read data. The
timing generator 209 may receive the internal clock signal ICLK and generate various
mtemal clock signals.

{040 The power supplv terminals may receive power supplv voltages VDI and VS5,
These power supply voltages VDD and V55 may be supplied 1o a voltage generator
circuit 290. The voltage generator circuit 290 may generate various internal voltages,
VPP, VOD, VARY, VPERI, and the like based on the power supply voltages VDD and
VS5, The mmternal voltage VPP is mainly used in the row decoder 230, the internal
voltages VOD and VARY are mainly used in the sense amplifiers 250 included in the
memory cell arrav 245, and the internal voltage VPERI is used in many other circuit
blocks. The power supply terminals mav also receive power supply voltages VDDQ
and VS55Q. The 10 circuit 270 may receive the power supply voltages VDDQ and
V§5Q. For example, the power supply voltages VDBDQ and V355G may be the same
voltages as the power supply voltages VDD and V55, respectively. However, the
dedicated power supply voltages VDD and VS50 may be used for the 10 ciromt 270
and the ZQ calibration civeuit 273,

{041} The calibration termunal Z(} of the semiconductor memory device 200 may be
coupled to the £ calibration circuit 275, The ZQ calibration circuit 275 may perform
a calibration operation with reference to an impedance of the ZQ resistor (RZ3) 255,
For example, the 7Q resistor (RZ(})} 255 may be mounted on the substrate 260 that is

coupled to the calibration terminal ZQ. For example, the Z(} resistor (RZQ) 255 may
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¢ coupled to a power supply voltage (VDD(Q).  An impedance code ZQCODE
obtained by the calibration operation may be provided to the IO circuit 270, and thus an
impedance of an output buffer (not shown) included in the 1O circuit 270 is specified.
{042] FIG. 3 is a circuit diagram of a 2} calibration circuit 375 in accordance with an
embodiment of the present disclosure. For example, each chip of the plurality of chips
335, 340, 345 and 350 may mclude the ZQ calibration circuit 375 and a calibration
terminal 20 {e.g., 2Q pad) 336, For example, the 7 calibration circuit 375 may
mclude an arbiter circuit 380, The arbiter circuit 380 may be activated responsive to an
activation of a clup (e.g.. power on, etc.). For example, the arbiter circuit 380 may
provide a pull-down (PDN} code signal. The Z{} calibration circuit 375 may mchude a
combination of a data terminal (DQ) pull-up (PUP) dover circuit 382 and a data
ternunal (DQ) pull-down (PDN) driver circuit 383 and a data terminal (BQ) pull-down
(PDN) driver circurt 384 for arbitration as well as calibration, that are replica circuits of
a data terminal {DQ) pullup (PUP) driver circuit, a data termumal (BQ) pull-down
(PDN) driver circuit and a data terminal (DQ) pull-down (PDN) driver circuit attached
1o actual data terminals DQ. The DQ PDN drver circuit 384 may receive the PDN
code signal from the arbiter circuit 380, and may pull down a Z( pad voltage (VZ(}) at
the calibration terminal ZQ 336 responsive to the PDN code signal. The Z} pad
voltage (VZ(Q) mav be provided to a switch 385 {c.g., multiplexer Mux}. The
combination of the D PUP driver circoit 382 and the D PDN driver circuit 383 may
execute adjustment of an intermediate ZQ voltage (1VZ(}) at an intermediate node 388
between the combination of the DQ PUP dnver circutt 382 and the D(Q PDN doaver
circuit 383, For example, the DQ PUP driver circuit 382 may include a plurality of
transistors coupled i parallel between a power supply termunal VDD and the
ntermediaie node 388, The DO PDN driver circuit 383 may include a plarality of
transistors coupled in parallel between a power supply terminal VSSQ and the
mtermediate node 388, The miermediate ZQ voltage (VZ(Q) may be provided 1o the
switch 385, The switch 385 may provide either the ZQ pad voltage VZQ or the
mtermediate £} voltage 1VZQ, depending on whether the ZQ calibration cireuit 375 is
executing arbitration or £(} calibration, respectively. For example, the ZQ calibration
circuit 375 may mclude a comparator 386, The comparator 386 may compare either

the 7} pad voltage VZQ or the intermediate Z{} voltage (VZQ provided by the switch
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385 with a ZQ reference voltage ZOVREF or a Z( arbitration reference voltage
provided by a reference voltage gencrator 390, For example, the reference voltage
generator 390 may be included i the Z{3 calibration circuit 375, or the voltage
generator 290 i Fig. 2 may provide the 2 reference voltage ZQVREF and the 2Q
arbitration reference voltage instead. For example, the comparator 386 may determine
whether the ZQ pad voltage (VZ(}) has been controlled by another requesting chip or
the Z43 resistor RZQ 255 s currently i use.

{043 The comparator 386 may provide a comparator result signal to the arbiter circuit
380 and a £ calibration code control circuit 381, For example, the arbiter circuit 380
may provide Z{} pad voltage control via the DQ PDN driver circuit 384 according to a
2 timing pattern unique to the chip, baving a fixed duration common to the plurality
of chips. The arbiter cirenit 380 may provide the PDN code until the 2Q pad voltage
(VZQ} at the calibration terminal Z) 336 asing the Z( arbitration reference voltage,
which may be different from the ZQ reference voltage ZQVREF., The Z(} timing
pattern 1s unigque for cach chip, in order to determine whether the requesting chip
should gain access to a 20 resistor RZQ 355, The ZQ timing pattern may be
programmed, or otherwise stored for each chip. For example, the arbiter circuit 380 for
the chip 335 may include a register {not shown) for the chip 335 that may be
programmed with the ZQ timing pattern iformation specitic to the chip 335 for a
duration common to the clups. Thus, each arbiter circuit 380 for each respective chip
may be configured to store the Z{ timing pattern wnformation of a duration that is
different from ZQ timing pattorn information having the same duration, stored on the
registers of the other chips. For example, the uning pattern mformation may be unigue
to an individual chip among a plurality of chips of the semiconductor memory device
200, The register may include, without limitation, programmable fuses, anti-fuses, a
mode register, or other suitable components. Thus, the prority of a chip may be set or
programmed via the register. The ZQ calibration code control circuit 381 may be
meluded i the ZQ calibration circuit 375, The ZQ calibration code control circuit 381
may provide a PUP code and a PDN code to the DQ PUP dnver circuit 382 and the BQ
PDN driver circuit 383 respectively, responsive to the comparator result signal until the
miermediate ZQ voltage 1VZQ at the intermediate node 388 may match the ZQ

reference voltage ZQVREF,

10
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{044} FIG. 4A is a flow diagram of a 7€} calibration arbitration in accordance with an
cmbodiment of the present disclosure. FIG. 4B is a timing diagram of an arbitration
clock and a Z{3 pad voltage VZ{} in the Z{} calibration arbitration in accordance with
the embodiment of the present disclosure. For example, the Z(} calibration may start
with a fixed length time-based arbitration (8400). Each chip mayv provide a request for
the ZQ) calibration using a Z{} resistor {¢.g., the Z€ resistor 255, 355). The first step
(Step 1, 8401} of the fixed length time-based arbitration is header detection. For
cxample, an initial state of the fixed length time-based arbitration may be that the Z2Q
pad voltage being set to a float high state {¢.g., disabling the D(Q PDN dniver circuit
384) to provide a header. For example, the header may be signaled by the ZQ pad
voltage VZQ being maintained at a logic high level for three clock cycles. The 2 pad
voltage VZQ mayv be compared (¢.g., by the comparator 386) with a 20 arbitration
reference voltage at an end of each clock cycle of thiee clock cvcles. For example, the
2 arbitration reference voltage may be mm-between a pull-down voltage range {e.g.,
substantially 0V} signaling a logic low statc and the power supply voltage VDDO
signaling the logic high state. Because the Z{Q resistor may be coupled to the power
supply voltage VDBQ (or V55) and the header 1s at the logic high state {or a logic low
state), another chip may be executing cither the ZQ calibration arbitration process or
the ZQ calibration process, if the ZQ pad voltage VZQ 1s n the pull-down voltage
range, lower than the ZQ arbitration reference voltage. Thus, the current request fails
and repeats Step 1 of the ZQ arbitration to re-request the ZQ calibration. H the 20} pad
voltage VZQ 15 higher than the ZQ arbitration reference voltage during Step 1, the
request may proceed to the second step. The second step may include pulling down the
70} pad voltage for a certam period (Step 2, 5402) to signal that the Z( calibration is
being requested to the other chip. For example, the duration of this pulling down may
be two clock cvcles, or other clock cycles, without imitation.

{0451 The third step (Step 3, 5403) of the fixed length tme-based arbitration may
mclude a binary coding and detection. For each chip, a die number that may be a
binarv code umigue to cach chip may be assigned and signaled as a unigue 20 tinung
pattern. The die number may be used to determune chip prionity. The 2 pad voltage
VZQ may be compared {¢.g., by the comparator 386} with a ZQ arbitration reference

voltage at an end of each clock cvele of a fixed duration of the Z{ timung pattern

11
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commeon to the chips. For each chip, pulling down the ZQ pad voltage VZ(Q may be
disabled for one clock cycle if a bit in the die number for the carrent chip is high
Bocause the ZQ resistor may be couplad to the power supply voltage VDDQ (or VSS)
and the dic number for the current chip corresponds to the logic high state {or a logic
low state), another chip may be executing either the ZQ calibration arbitration process
with priority or the Z(} calibration, f the ZQ pad veltage VZ(Q is in the pull-down
voltage range {or in the pull-up voliage range). Thus, the current request fails and
repeats Step 1 of the 20O arbitration to re-request the ZQ calibration.  For exanple,
mcreasing the mintmum clock cvcles of the logic low state between the two logic hugh
states may improve detection of the comparator’'s comparator result.  After Step 3
(5403}, the request may include the fourth step of pulling down the ZQ pad voltage for
a certain period (Step 4, S405) to signal that the 2 calibration is being requested to the
other chip. For example, the duration of this pulling down may be two clock cvcles, or
other clock cycles, without limitation.

{046} The fifth step (Step 5, S405) of the fixed length time-based arbitration may
mclude a stop bit detection. For cach chip, a common stop bit of a fixed duration {(e.g.,
one clock cyvele} of the ZQ timing pattern common fo the chips may be signaled by
disabling pulling down the ZQ pad voltage VZQ for the fixed duration {c.g.. one clock
cycle) corresponding to the stop bit. The 24} pad voltage VZQ may be compared (c.g.,
by the comparator 386} with a Z{3} arbitration reference voltage at an end of the fixed
duration {e.g., one clock cyele) signaling the stop bit. The ZQ resistor may be coupled
to the power supply voltage VDDQ and the 20 pad voltage VZQ corresponds to the
stop bit is supposed to be at the logic high state. Thus, the arbitration passes and ZQ
calibration process for the current chip may be mitiated, if the ZQ pad voltage VZQ is
at the logic high state {e.g., in the pull-up voltage range}. Ancther chip may be
executing either the Z{) cabibration arbitration processor the ZQ} calibration process, if
the 20} pad voltage VZ(} is i the pull-down voltage range, and the current request fails
and repeats Step 1 of the next ZQ arbitration to re-request the ZQ calibration.

{047} FIG. 5 15 a schematic diagram of an arbiter circuit 50 m the ZQ calibration
circuit in accordance with an embodiment of the present disclosure. For example, the
arbiter circait 30 may be the arbiter circait 380 in FIG. 3. The arbiter circuit 50 may

include a set of fuses indicating a set of die number <3:0> signals (e g, the dic number
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i Step 3 8403 of FIGS. 4A and 4B) of a current chip (dic) among a plurality of chips
among in a semiconductor memory device. For example, the arbiter circuit 50 may
include buffers 500, 301, 502 and 503 that may receive and provide the dic number
<>, the dic number <1>, the die number <2> and the die number <3> respectivelv in
Step 3 (5403). The arbiter circuit 50 may include output termunals 310, 511, 512 and
313. The output terminal 510 may provide the dic number <0> signal as a first bit (bt
() of the 2§ timing pattern in Step 3. The output terminal 511 may provide the dic
nomber <1> signal as a second bit (bit 1} of the ZQ timing pattern in Step 3. The
output termunal 512 may provide the dic number <2> qignal as a thurd bt {(bit 2} of the
Z timung pattern in Step 3. The output termimnal 313 may provide the dig number <3>
signal as a fourth hit (bit 3} of the 20 timing pattern in Step 3.

048] The arbiter circuit 50 may also include a logic circurt 504 {e.g., a NOR circuit)
and an output terminal 514, The logic circuit 504 may receive the die number <0>-
<3>signals and provide an active state signal {c.g., at a logic high level} when a chip
having all the dic number <0>—<3> signals are inactive {c.g., a logic low level) is
requesting for the ZQ calibration in Step 3 (5403). The output terounal 514 may
provide the active state signal as a fifth bit {(bit 4) of the Z{} timing pattem in Step 3 to
indicate if the chip having all the die number <0>-<3> gignals 1s requesting for the Z(}
calibration.

{049] FIG. 6A 1s a tinnng diagram of a plorality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure. For
example, the plurality of chips may mclude Dicl, Dicl, Die? and Die3. In fixed length
time-based arbitration, each chip, Dic0, Diel, Die? and Die3 may provide a request for
the 7} calibration using a ZQ resistor {e.g., the ZQ resistor 255, 355). The first step of
the fixed length time-based arbitration is the header detection {e.g., Step 1, 5401 in Fig.
4A) that may be cxecuted by the 20 pad voltage control by setting the ZQ pad voltage
to a float high state (e.g., by disabling the DQ PDN driver circuit 384) to provide a
header. For example, the header may be signaled for three clock cyeles from TO, which
is common for any chip of the plurality of chips, Die0, Diel, Die? and Die3. Each chip
requesting the ZQ calibration may compare the ZQ pad voltage VZQ {(e.g., by the
comparator 386} with a Z arbitration reference voltage in-between the pull-down

voltage range and the power supply voltage VDD at an ond of each clock cyele at T1,
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T2 and T3 during Step 1 {5401). Because the Z2Q resistor may be coupled to the power
supply voltage VDDQ and the ZQ pad voltage control any chip requesting Z()
calibration pulls up the ZQ pad voltage to the logic high state, ancther chip may be
executing either the ZQ calibration arbitration process or the ZQ) calibration process, if
the 20 pad voltage VZQ i3 in the pull-down volitage range, lower than the 2
arbitration reference voltage.  Thas, the current request fails and repeats the ZQ
arbitration to re-request the ZQ calibration. If the ZQ pad voltage VZQ) is higher than
the Z2Q arbitration reference voltage for cach clock cycle of Siep 1 (5401), the fixed
length time-based arbitration may proceed to a second step (Step 2, 8402).  The second
step, pulling down the ZQ pad voltage for a certain period (Step 2, §402) following
Step 1 may be executed to signal that the Z( calibration is being requested to the other
chip. For example, the duration of this pulling down may be two clock cvcles from T3
to T5 as shown in FIG. 6A. Alternatively other clock cycles, without himitation may be
used for Step 2.

{050 The third step (Step 3, 5403) of the fixed length time-based arbitration may
mclude a binary coding and detection, from T35 to T12 as shown m FIG. 6A. For each
chip, a die number that may be a binary code anigue to each chip may be assigned and
signaled as a unique Z{} timing pattern. The dic number may be used to determine chip
priority. For each chip, pulling down the 2} pad voltage VZ0Q may be disabled for one
clock cycle if a bit in the die number for the current chip 1s high. For example, DheQ
may have a die number “0017, and pulling down the ZQ pad voltage VZQ may be
disabled for a clock cvcle from T11 to T12 corresponding to the third bit “17 10 0017
Diel may have a die number “0107, and pulling down the Z(} pad voltage VZ(Q may be
disabled for a clock cyele from T8 to T9 corresponding to the second bit “17 i 0107
Die? may have a die number 0117, and pulling down the 24 pad voltage VZQ may be
disabled for a clock cvcle from T8 to T9 corresponding to the second bit “17 in “0117
and a clock cyele from T11 to T12 corresponding to the third bit “17 i 0117, Dhe3
may have a die number “1007, and pulling down the ZQ pad voltage VZQ may be
disabled for a clock cycle from T5 to T6 corresponding to the first bit “17 m 1007
The ZQ pad voltage VZQ may be compared {e.g., by the comparator 386) with a ZQ
arbitration reference voltage at an end of cach clock cyele of a fixed duration of the Z(}

timing pattern common to the chips. Another chip mav be executing either the Z{
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calibration arbitration process with priority or the 2} calibration, 1t the Z€Q) pad voltage
VZ4} 15 n the pull-down voltage range, thus the current request fails and repeats Step 1
of the Z(} arbitration to re-request the ZQ calibration. After Step 3 (5403} i3 complete,
the request may proceed to the fourth step of pulling down the ZQ pad voltage for a
certain period (Step 4, 5403) to signal that the Z{ calibration is being requested to the
other chip. For example, the duration of this pulling down may be two clock cycles
{e.g.. T1Z 10 T14 m FIG. 6A), or other clock cycles, without limitation.

{051} The fifth step (Step 5, S405) of the fixed length time-based arbitration may
mclude a stop bit detection. For cach chip, a common stop bit of a fixed duration {(e.g.,
from T4 to T15 in FIG. 6A} of the ZO timing pattern common to the chips may be
signaled by disabling pulling down the ZQ pad voltage VZ0 during Step 5. The 20
pad voltage VZQ may be compared (¢.g., by the comparator 386) with a ZQ arbitration
reference voltage at an end of the fixed duration (e.g., T15 in Fig. 6A) signaling the
stop bit. Thus, the arbitration passes and ZQ calibration process for the current chip
may be iitiated, 1f the ZQ pad voltage VZQ 15 at the logic high state (e.g., in the pull-
up voltage range). Another chip may be executing either the 2} calibration arbitration
process or the ZQ calibration process, if the Z{ pad voltage VZ( 1s in the pull-down
voltage range, and the carrent request fails and repeats Step 1 of the Z{3 arbitration to
re-request the Z¢ calibration.

{052] FIG. 6B 15 a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Descrption of components and steps corresponding to components and steps (Steps 1,
2, 4 and 3) mncluded in and previously described with reference to FIG. 6A will not be
repeated. The third step (Step 3, 5403) of the fixed length time-based arbitration may
include another binary coding and detection, from T5 to T12 as shown in FIG. 6B. For
example, DicO may have a die number “100” and other chips Diel to Die3 may have

die numbers “0017 to “011” that may be directly binary coded from a die identifier 17

{053 FI1G. 6C 15 a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Description of components and steps corresponding to components and steps (Steps 1,

2, 4 and 3) included in and previously described with reference to FIG. 6A will not be
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repeated. The third step (Step 3, 5403) of the fixed length time-based arbitration may
include another binary coding and detection, from T5 to T21 as shown in FIG. 6C. The
dic number binary coded for each chip may be mirrored in the timing diagram of FIG.
6C to be syoumetrical with respect to the center of the ZQ timing patiern {¢.g.. in a time
domain} during Step 3. For example, Die0 may have a die number “0811007, Dhel
may have a dic number binary codes “0100107. Die2 may have a die number
“0111107. Die3 may have a die number 1000017, The mirrored ZQ timing pattern
may he more resistant to aliasing with large oscillator vanation.

1054} FIG. 7A 15 a tming diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Description of components and sieps corresponding to components and steps included
in and previously described with reference to FIGS. 6A-6C will not be repeated. I a
clock cyele of one chip (e.g., Dic B) in the plurality of chips is longer than a clock
cycle of another chip {(e.g.. Die A) m the phlurality of chips and a pulse width in a logic
high state to signal a stop bit in Step 3 of the one chip (Dic B) may be longer than a
period between a first and third strobes n Step 1 of the other chip (Bhe A). Thus, the
other chip (Die A) may fail to detect that the one chip (Dig B) is proceeding to ZQ
calibration. In order to prevent such failure. a pulse width in a float state of the one
chip {(Dne B) may be contigured shorter than two clock cycles of the other chip (Die A)
as expressed 1o an mequality below.

{055] FPWpien < 2Tpiea ... {Inequality 1}

{056} FIG. 7B 15 a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Bescription of components and steps corresponding to components and steps included
in and previously described with reference to FIGS. 6A-6C will not be repeated. If a
pulsc width of a last bit in Step 3 n a logic high state of one chip {c.g., Die B} is longer
than a clock cyele of another chip {e.g., Die A), and the last bit 1s followed by the stop
bit, the pulse width of the fast bit in Step 3 of the one chip (Die B) may still overlaps
the first and sccond strobes of Step 1 in the other chip (IDic A) and the stop bit in Step 5
of the one chip (Diec B) may comcide with the third strobe of Step 1 the other chip
(Be A} Thus, the other chip (Dic A) may fail to detect that the one chip (Bie B) is

proceeding to ZQ calibration. In order to prevent such failure, duration of pulling-
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down the ZQ pad voltage in Step 2 and Step 4 mav be configured to be longer than two
clock cycles and the pulse width in a float high state 1 Step 3 and Step 5 mav be
configured to be shorter than one clock cycle.

{057} FiG. 7C 1s a2 tonmg diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Descnption of components and steps corresponding to components and steps included
in and previously described with reference to FIGS. 6A-6C will not be repeated. I a
clock cycle of one chip (e.g., Dic B) in the plurality of chips is three clock cveles of
another chip {e.g., Die A) or longer in the plurality of chips, a pulse width
corresponding to a third bit of a die number “00100” for the other chip (Bie A) in Step
3 in a logic high statc may comcide with a first bit of a die number “1Ixxx (x: don’t
care)” of the one chip (The B) m Step 3 and a stop bit for the other chip (Die A} in Step
5 may comncide with a second bit of the die number of the one chip (Bie B). Thus, the
one chip {(Die B} may fail to detect that the other chip (Bie A} is proceeding to ZQ
calibration. In order to prevent such failure, a clock cycle difference between chips
may be configured to be limited to within £33%,

{058} FIG. 7D 15 a timing diagram of a phuality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Description of components and sieps corresponding to components and steps ncluded
in and previcusly described with reference to FIGS. 6A-6C  will not be repeated.
Assuming that a clock cvele of one chip {c.g., Dic B} in the plurality of chips 15 about
one and half clock cycles of another chip (c.g., Dic A) or longer in the plurality of
chips, a pulse width corresponding to a third bit of a die number “001007 for the other
chip (Die A) in Step 3 in a logic high state may coincide with a second bit of a die
number “0101x (x: don’t care)” of the one chip (Bie B) in Step 3 and a stop bit for the
other chip (Die A) in Step 5 may coincide with a fourth bit of the dic number of the one
chip (e B). Thus, the one chip (Die B) may fail to detect that the other chup (Die A)
is proceeding to Z{) calibration. In order io prevent such faiture, a dic number “001007
may be classified as illegal and prohibited to use {c.g., instead, use a dic number
*“101007). Logic levels of signals, particularly a binary coded die mumber used and/or
prohibited in the embodiments descnbed the above are merely examples and not

limited to those specifically described in the above.
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{059] FIG. 7E is a tinung diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Description of components and steps corresponding 0 components and steps included
m and previously deseribed with reference to FIGS. 6A-6C will not be repeated. If a
clock cycle of one chip (e.g., Dic B) m the plurality of chips s two clock cycles of
another chip (eg., Dic A) or longer in the plarality of chips, a pulse width
corresponding to a second bit, a fourth bit of a dic number “01010” for the other chip
(Ibie A) 1n Step 3 in a logic high state and a stop bit 1n Step 5 may coincide with first to
third bits of a die number “1ixx {x: don’t care)” of the one chip (Dic B) in Step 3,
respectively. Thus, the one chip (Die B) may fail to detect that the other chip (Dig A)
18 proceedimg to ZQ calibration. This scenario may be prevented, if a clock cvele
difference between chips may be configured to be limited to within £33% as described
above referring to FIG. 7C.

{060} FIG. 8A is a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Descrnption of components and steps corresponding to components meluded m and
previously described with reference to FIGS. 6A-6C will not be repeated. A first step
of time-based arbitration is header detection {e.g., Float and Hi-Detect in FIG. 8A). For
example, the header mav be signaled by the Z€Q pad voltage VZQ at a logic high level
for three clock cyeles. I the ZQ pad voltage VZQ 1s higher than the Z2Q arbitration
reference voltage during the header detection, the request may proceed to a second step
of pulling down the Z( pad voltage for a certain period (e.g., Oscillator Alignment
Pull-down in FI(z. 8A} to signal that the ZQ calibration is being requested to the other
chip. For example, the duration of this pulling down may be nine clock cyeles, or other
clock cycles, without limitation. A third step {(e.g., Svnc Detect in Fiz. 8A} of the
time-based arbitration may include a sync bit detection. For cach chip, a common syne
bit of a fixed duration {e.g., one clock cvele) of the ZQ timing pattern common 1o the
chips may be signaled by disabling pulling down the Z(3 pad voltage VZ{ for the fixed
duration {¢.g.. one clock cycle) corresponding to the sync bit. Once the sync bit s
detected, a tourth step of the time-based arbitration may include a ZQ calibration
request detection {e.g., Staggered Requests in FIG. 8A). For each chip, a pulse with a

same width and a delay unique to the chip may be assigned and signaled as a unique
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ZQ ttming pattern.  For example, the delay may be longer, if a prority of ZQ
calibration to the chip is higher. If the ZQ pad voltage VZQ is higher than the ZQ
arbitration reference voltage dunng the pulse, the request may proceed to the ZQ
calibration.

{061} FiG. 8B 13 a timmng diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Description of components and steps corresponding to components inchided in and
previously described with reference to FIGS. 6A-6C and 8A will not be repeated. For
example, timings (¢.g., phases) of the fust step including three clock cyeles may differ
for the plurality of chips. For example, the first step of Diel may have a delay of a half
clock cycie from the first step of Dhel that may have a delay of a half clock cycle from
the first steps of Die2 and Die3. For example, durations of the second step including
three clock cycles may differ for the plurality of chips due to different clock cvcles of
oscillators {e.g., oscillator 307 i FlIG. 3) for the plurality of chips, i addition to
different timings of the second step for the plurality of chips. For example, DieZ and
Die3 may enter the second step at the same time, however, Die2 may proceed to the
third step earlier than Die3 proceeds (e.g., three clock cycles before based on a clock
signal CLK, as shown n FIG. 8B).

{062] FIG. 9A 1s a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Description of components and steps corresponding to components inchided in and
previously described with reference to FIGS. 6A-6C  will not be repeated.  For
example, the £ calibration may start with a fixed length time-based arbitration. A
first step of the fixed length time-based arbitration 1s header detection {e.g., Float and
Hi-Detect in FIG. 9A). For example, the header may be signaled by the ZQ pad
voltage VZQ at a logic high level for three clock cyeles. ¥ the 2} pad voltage VZQ is
higher than the £ arbitration reference voitage during the header detection, the request
may procced to a second step of the fixed length time-based arbitration may include a
ZQ calibration request detection {¢.g., First Detect in FIG. 9A). For cach chip, a pulse
with a same width and a delay umque to the chip may be assigned and signaled in a
same duration of the second siep as a unigue ZQ timing pattern.  For example, the

delay may be longer, if a priority of 24 calibration to the chip is higher, Hthe Z(3 pad
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voltage VZQ is lower than the ZQ arbitration reference voltage during the pulse, the
request may fail and repeats Step 1 of the ZQ arbitration to re- request the ZQ
calibration. After the second step, a third step {e.g., Sync and Requests Detect i FIG,
9A) of the fixed length time-based arbitration may be executed. For cach chip, a
common request pertod for a plurality of clock cveles (e.g., six clock cveles m a logic
low state in FIG. 9A) by pulling-down the ZQ pad voltage VZ{} followed by a common
sync bit by disabling puliing down the 7} pad voltage VZ(} for a fixed duration {c.g
one clock cvele) may be signaled. The arbitration passes and ZQ calibration process
for the current chip may be imtiated, once the sync bit 1s detected bv detecting the ZQ
pad voltage VZQ at the logic high state {¢.g., in the pull-up voltage range}. Another
chip may be cxecuting cither the ZQ calibration arbitration process or the Z(}
calibration process, if the 2 pad voltage VZ(Q 15 in the pull-down voltage range, and
the current request fails and repeats Step 1 of the ZQ arbitration to re-request the ZQ
calibration.

{063 FIG. 98 15 a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Description of components and steps corresponding to components included in and
previcusly described with reference to FIGS. 6A-6C, 8B and 9A will not be repeated.
For example, timings (e.g., phases) of the first step mcluding three clock eyeles may
differ for the phurality of chips. For example, the first step of Diel may have a delay of
a half clock cvcle from the first step of Die0 that may have a delay of a half ¢lock evcle
from the first steps of DieZ and Dhe3. For cach chip, a pulse with a same number of
clock cvele (one clock cvele) and a delay (e.g., a unique number of clock cycles) may
be assigned and signaled in a same number of clock cyeles for each chip of the second
step as a unigque ZQ timing paticrn.  For example, durations of the second step
mcluding the pulse may differ for the plurality of chips due to different clock eycles for
the plurality of chips i a same number of clock cycles of the second step, in addition to
different timings of the second step for the plurality of chips. After the second step, a
third step (c.g., Sync and Reguests Detect in FIG. 9A) of the fixed length time-based
arbitration may be executed. For example, Die? and Die3 may enter the second step at

the same time, however, Die2 may proceed to the syne bit of the third step carlier than
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1e3 proceeds {c.g., six clock cycles before, as shown 1in FIG 8B), duc to different
clock cycles of oscillators (e.g., oscillator 307 i FIG. 3) for the plurality of chips.

{064] FiG. 10A is a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an cmbodiment of the present disclosure.
Description of components and steps corresponding to components included in and
previously described with reference to FIGS. 6A-6C and A will not be repeated. In
the sccond step, unlike including one pulse in FIG. 94, the Z{ timing pattern includes
two pulses. Similarly to FIG. 6C, the dic number lincar coded for cach chip may be
mirrored in the timing diagram of FIG. 10A to be symmetrical with respect to the
center of the second step of the Z() timing pattern. Thas the first pulse is included in a
first period (e.g., Furst Detect mn FIG. 10A) and the second pulse 15 meluded in a second
penod {e.g., Final Request Detect in FIG. 10A) m the second step. The mirrored Z(
timing pattern in FIG. 10A may be more resistant to aliasing with large oscillator
variation.

{065] FI1G. 10B 1s a timing diagram of a plurality of arbitration signal patterns for a
plurality of chips in accordance with an embodiment of the present disclosure.
Description of components and steps corresponding to components included in and
previcusly described with reference to FIGS. 6A-6C, 8B and 10A will not be repeated.
For example, timings (¢.2., phases) of the first step mcluding three clock cycles may
differ for the phurality of chips. For each chip, two pulses with a same number of clock
cyvcle {one clock cycle} and a delay {e.g.. a unique number of clock cycles} mirrored in
the uming diagram of FIG. 10B to be symmetrical with respect to the center of the
second step of the Z{) timing patiern may be assigned and signaled in a same number
of clock cveles for each chip of the scoond step as a unigque ZQ timing pattern.  For
example, durations of the second step including the pulses may differ for the plurality
of chips due to different clock cvcles for the plurality of chips in a same number of
clock cyceles of the second step, in addition to ditferent timings of the second step for
the plurality of chips. For example, Die2 and Die3 may enter the second step at the
same time, however, Bic? may proceed to the ZQ calibration ecarlier than Dic3
proceeds, due to different clock cveles of oscillators {¢.g., oscillator 307 i FIG. 3) for
the plurality of chips. The mirrored Z timing pattern may be more resistant to

aliasing with large oscillator variation.
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{066} Logic levels of signals used in the embodiments described the above are mercly
examples. However, in other embodiments, combinations of the logic levels of signals
other than those specifically described in the present disclosure may be used without
departing from the scope of the present disclosure.

{867} Although this mvention has been disclosed in the context of certain preferred
embodiments and examples, it will be understood by those skilled in the art that the
myentions extend beyond the specifically disclosed embodiments to other alternative
embodiments and/or uses of the inventions and obvious modifications and equivalents
thereof. In addition, other modifications which are within the scope of thig invention
will be readily apparent to those of skill in the art based on this disclosare. It 15 also
contemplated that various combination or sub-combination of the specific features and
aspects of the embodiments may be made and still fall within the scope of the
mventions. It should be understood that various features and aspects of the disclosed
embodiments can be combined with or substituted for one another in order to form
varving mode of the disclosed invention. Thus, 1t is intended that the scope of at least
some of the present mvention herein disclosed should not be bimited by the particular

disclosed embodiments described above.
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CLAIMS

What is claimed is:

1. A system comprising:
a resistor; and
a plurality of chips,
wherein each chip of the plurality of chips compnises:
a terninal coupled to the resistor; and
a calibration circuit configured to determine whether the resistor is
available based, at least m part, on timing mformation that 1s unique 1o a
corresponding chip of the plurality of chips, and
wherein the timing information of each chip of the plurality of chips has a fixed

duration of time conunon to the plurality of chips.

2. The syvstem of claim 1, wherein the tsming information 1s based on

prigrity to execute calibration.

3. The system of claim 1, wherein the calibration circuit of each chip of the
plurality of chips comprises:

a dover circuit coupled to the ternunal; and

an arbiter circult configured to enable the driver circuit to change the voltage of

the terminal before determining whether the resistor is available.

4 The system of claim 3, wherein the calibration circuit of each chip of the
plurality of chips further comprises a calibration control circuit coupled to the driver
circuit, the calibration control circuit configured to adiust an impedance of the driver

circuit after the calibration circuit determines that the resistor is available.
5. The system of claim 3, wherein the arbiter circuit is further configured

to enable and disable the dnver circuit for the fixed duration of time based on the

timung nformation unique to each respective chip among the plurality of chips.
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6. The system of clamm 5, wherein the calibration circuit is configured to
determine the availability of the resistor based on the voltage at the terminal while the
arbiter circuit is configured to disable the daver circuit to change the voltage of the
ternuinal in the fixed duration of time.

7 The system of claim 6, wherein the driver circutt 1s a pull down circuit,
wherein the resistor is further coupled to a power supply volitage, and
wherein the resistor is determined to be available when the voltage at the

terminal is at a range of a logic high state.

8. The system of claim 6, wheremn the driver circutt 1s a pull ap circuit,
wherein the resistor is further coupled to a ground supply voltage, and
wherein the resistor is determined to be available when the voltage at the

terminal is at a range of a logic low state.

g. The system of claim 6, wherein the arbiter circuit 1s configured to
disable the driver circuit to change the voltage of the ternunal for a predetermined time
in the beginning of the fixed duration of time and further configured to cnable the

driver circuit atier the predetermined time.

10, The system of claim 6, wherein the arbiter cirawit 1s configured to
disable the driver circuit to change the voltage of the ternunal for a predetermined time
in the end of the fixed duration of tune and further configured to cnable the driver

circuit before the predetermined time.

11 The system of claim 1, wherein the iming mformation unique to cach
respective ¢hip among the plurality of chips includes a binary code meluding a
combination of at lcast onc first period in a first logic state and at [cast one sccond
period n a second logic state umque to each respective chip among the plurality of

chips.
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12, 'The system of claim 11, wherein the binary code comprises a mirrored
binary code which is configured to be symmetnical with respect to a center of the

mirrored binary code in a time domain.

13, The system of claim 11, whercin the bmary code for each respective
chip among the plurality of chips is selecied from a set of binarv codes having a
predetermined number of bits, and

wherein any of the set of binary codes are selected having the predetermined
number of bits is not cqual to a predetermined prohibited code having the

predetermined number of bits.

14.  The system of claim 1, wherein a differcnce between a first clock speed
of a first chip of the plurality of chips and a second clock speed of a second chip of the

plurality of chips is within +33%.

15, An apparatus comprising;
a resistor coupled between a power supply voltage and a terminal; and
a chip comprising:
a terninal coupled to the resistor; and
a calibration circuit configured to determine whether the resistor is
available based, at least in part, on timing information,
wherein the timing information of the chip includes a binarv code unique to the

corresponding chip.

16.  The apparatus of claim 15, wherein the binary code comprises a
mirrored binary code which is configured to be symmetrical with respect to a center of

the mirrored binary code in a time domatn,

17. The apparatus of claim 15, wherein the binary code for the chip is

selected from a set of binary codes having a code length of a predetermined number of

bits, and
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wherein any of the sct of binary codes are selected having the code length is not

equal to a predeternmined prohibited code having the code length,

18,  The apparatus of claim 135, whercin the bmary code mechudes a
combination of at least one first period in a first logic state and at least one second
period in a second logic state unigque to the chip,

wherein the calibration circuit comprises:

a driver circwit coupled to the terounal; and

an arbiter circuit configured to enable the driver circuit to change the
voltage of the terminal to the second logic state in the at least one second period
and further configured to disable the driver circuit to change the voltage of the
terminal {o the first logic state m the at least onc first before determining

whether the resistor s available for the chip period, based on the binary code.

19 The apparatus of claim 18, wherem the arbiter circuit is configured to
disable the driver circuit to change the voltage of the terminal for a first predetermined
time and further configured to cnable the driver circutt for a second predetermined time

prior to enabling and disabling the driver cireutt based on the binary code.

20, The apparatus of clatmn 19, wherein the arbiter cireuit is configured to
enable the driver circuit to change the voltage of the terninal for a third predetermined
time and further configured to disable the driver circuit for a fourth predetermined time

aticr enabling and disabling the driver circuit based on the binary code.

21, The apparatus of claim 18, wherein the calibration circuit further
comprises a comparator configured to compare the voltage of the terminal and a
reference voltage and further configured to provide a comparator result to the arbiter

circuit in the at least one first period.

22, The apparatus of claim 18, wherein the driver circuit 1s a pull down

cireut,
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23. A method comprising:

detecting a voltage at a terminal in a chip among a plurality of chips, wherein
the termunal 1s coupled fo a resistor and wherein each chip of the plurality of chips is
coupled to the resistor;

enabling a driver circuit mcluded mn the chip for a duration of time based on
timing information, wherein the timing information 1s unique to the chip among other
chips of the plurality of chips and having a fixed duration commaon to the plurality of
chips;

pulling the voltage up or down for the duration of time based on the timing
wnformation; and

determuining whether the resistor 1s available, based on the voltage after pulling

up the voliage.

s

24, The method of claim 23 further comprising;

transmitting an enable signal to the driver circuit for a first predetermined time
after the duration of time; and

transmitting a disable signal to the drver circuit for a second predetermined

time after the first predetermined time.

25, The method of claim 23, further comprising disabling the driver circuit,

wherein the enabling and disabling the driver circuit arg based on a binary code
in the timmg information,

wherein the binary code comprises a first logic level to enable the driver circut

and a sccond logic level to disable the driver circuit.

26. A method comprising:

detecting a voltage at a ternunal in a chip among a plurality of chips, wherein
the termunal 15 coupled to a resistor and wherein cach chip of the plurality of chips is
coupled to the resistor;

¢nabling and disabling a driver circuit included in the chip for a duration of time
based on timing information, wherein the timing information is unigue to the chip

among other chips of the plurality of chips;
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pulling up and pulling down the voltage for the duration of time responsive to
the enabling and disabling the dniver circuit, respectively; and

determining whether the resistor is available, based on the voliage after pulling
up the voltage,

wherein the timung information includes a binary code signaling enabling and
disabling m the timing information unique to the chip among other chips of the

plurality of chips.

27 The method of claim 26, whercin the binary code comprises a mirrored
binary code which is configured to be symmetrical with respect to a center of the

mirrored binary code n a time domain.

28. The method of claim 26, wherein the binary code 1s selected from a set
of binary codes having a predetermimed nwmber of bits, and

wherein any of the set of bimary codes are selected having the predeternune
number of bits i not equal to a predetermined prohbited code having the

predetermined mimber of biis.
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